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Figure 1. Francis turbine for ISLE -MALIGNE project (10 X 40 MW) 
comparison test between two manufacturers, 
diam. of the runner 0.4 m. 
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Figure 2, 


Test on a model turbine for the power-plant of 
R. II. SAUNDERS (Ontario CANADA) 

16 x 65 MW. manufacturer, DBS-EWZ 
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The main characteristics are given in Table 1. 

To calculate the efficiency of a machine, which is the most important guaranteed factor, 
the head, flow, torque and speed of rotation must be measured. Of these four, flow and 
torque are particulary difficult to measure. 

> 

MAIN CHARACTERISTICS 
Head: H = 2 m to 100m 

3 

Discharge: V max = 1.4 m /s 
Dynamometer power: Pq = 300 kW 
Pump power: Pp = 900 kW 
Speed: N max = 1500 RPM (for test bed 1) 

Speed: N max = 2500 RPM (for test bed 2) 

TABLE 1 

3. Elements of the installation 
3.1. Pump 



Figure 4. Pump characteristics. 

Hydraulic energy is supplied to the model by a 900 kW 3-stage diagonal pump whose 
characteristics are given in Figure 4. 
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The characteristics of the test rigs are defined as shown in the diagram in Figure 5. 


HmJ 



Characteristics of the test rig. 

1. characteristic of the main pump 

2. friction losses in the installation 

3. characteristic of the test rig 

4. minimum water discharge 0.5 m3/s 

5. maximum water discharge 135 m3/s 

Test of FRANCIS turbine with an outlet 
diameter of 200mm 

6. maximum torque and maximum energy 

7. maximum output 

8. minimum speed of rotation and 
minimum water discharge 

9. maximum speed of rotation and 
maximum w at ere discharge 

10. minimum energy 


Figure 5. Characteristics of the test rig. 


3.2. Generator 

The generator is a direct current machine which can operate in the four quadrants. Its 
characteristics are given in Figure 6. 


generator 



Figure 6. Characteristics of the generators. 

PFl means Test-bed number 1 - PF2 Test-bed number 2. 
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It is supported on a hydrostatic thrust-bearing which allows the torque to be measured 
using the two load cells. Figure 7 shows a cross-section of the system. 



Figure 7. Hydrostatic trust - block 


1. lever transmitter, 2. mobile ring, 3. stationary ring, 4. mobile measuring ring, 5. fixed point of load cell, 
6. force load cell, 7. cover, 8. oil injection holes, 9. oil drain pipe, 10. electrical machine, 11. intermediate 
shaft, 12. double universal joint, 13. transversal truck, 14. longitudinal truck, 15. gantry frame. 
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Figure 8. Cooling water back-flow pipe. 


3.3. Water quality 


The temperature and the air content of the water in the closed circuit are maintained 
constant by a continuous injection of water into the circuit In order to maintain the quality 
ot the heated water throughout the installation, the injected water is taken from the 
reservoir and introduced into the closed circuit using an auxiliary pump, which is also 
used to fill the circuit 1 


A discharge equal to that of the cooling pump is transferred from the circuit by a weir 
located in a pipe above the upstream reservoir: in this way the free level is undisturbed 
The weir is connected to a sloping pipe which reaches to the bottom of the reservoir, then 
turns and leads vertically up to the ceilling of the laboratory basement The water can be 
evacuated by gravity whatever the pressure in the downstream tank. 

For pressures below atmospheric pressure there is a valve below water level in the 
reservoir which, when open, connects the pipe with the reservoir. For pressures higher 
than atmospheric pressure, the valve is closed and the water runs out through the top of 
the vertical pipe: in this way a maximum absolute pressure of 0.21 Mpa (21 mWC) can 
be obtained in the downstream tank. 
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3.4. Test Circuits 

The universal nature of the installation, which makes it possible to test turbines or pumps 
using either a closed or an open circuit, means that changing from one circuit to the other 
must be done without losing time. The most obvious solution is to make the circuit 
changes using valves. 

However, this is a complex solution and it requires a lot of expensive valves which are 
difficult to make watertight. They are also exposed to the risk of cavitation, there is a 
much simpler solution, which is less cumbersome, cheaper and guarantees easy control 
of watertightness: it consists of producing circuits with interchangeable sections of pipes 
and elbows. 

These circuit changes can be done very rapidly with the collar flanges shown in Figure 9. 
The number of valves can be limited to 7. 

Depression,ultrasonic one path and electromagnetic-type flowmeter are common to all the 
circuits. Generaly the electromagnetic flowmeter is used for the tests. It is essential to be 
able to calibrate those flowmeters at any time under operating conditions, so a calibration 
circuit is needed, these circuits are shown in Figures 10 to 12 



figure 9. Collar - flange 
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Figure 12. Diagrammatic arrangement of turbine and/or pump 
being tested in closed circuit 
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4. Description of the Measuring Instruments. 


4.1. Flow Measurement. 


The flow is measured using an electromagnetic flowmeter (Kent) which can be used for 
flows between 0.05 and 1.4 m 3 /s. 


The advantage of this flowmeter is high accuracy no friction losses caused by the 
instrument, no contraction or obstruction causing cavitation; it can also be used in both 
directions. 

The flowmeter is a 1.5 meter-long section pipe, with an internal diameter of 0.45 m. The 
diameter was chosen to obtain accurate measurements in the low discharge range, whtie 
avoiding low pressure build-up in the measuring section. The flowmeter is inserted m the 
middle of a 25 meter-long straight pipe, with an 8.4% slope^mtemal diameter 0.60 m, 
exept for a 9 m section with an internal diameter of 0.45 m. The flowmeter is therefore 
particularly well-situated in this piping arrangement. 


The operating principle of the electromagnetic flowmeter is based on the jaws of 
induction: any conductor - water in our case - moving m a magnetic field builds up an 
inducted voltage proportional to the speed of the conductor and to the intensity of the 
magnetic field. 


The section of pipe forming the electromagnetic flowmeter is insulated inside by a layer of 
special rubber; around the outside are two coils which create a uniform magnetic field 
across the flow. 


The electrodes are arranged in a plane perpendicular to that of the magnetic field. They are 
located in the wall of the pipe, flush with its inner surface (Figure 13). 



Electromagnetic flow-meter 

1. current transformer 

2. main coil 

3. measuring electrode 

4. magnetic circuit 

5. non magnetic stainless steel pipe 

6. internal insulation 


Figure 13. 
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The electromotive force induced (Figure 14) is given by 


E = 



ji.H.C.dL 


where 

E : electromotive force 

|i : magnetic permeability of the fluide in the pipe 
H : intensity of the magnetic field 
C : average speed of the fluid 
L : distance between the 2 electrodes. 


equal to the pipe diameter 



Diagrammatic arrangement of 
electromagnetic flow-meter 

1- flow-meter 

2. measuring electrodes 

3. coils 

A. current transformer 


Figure 14. 


If the magnetic field is uniformly spread across the measuring section, the equation can 
be written as follows 


E = (i.H.C.L 

As the intensity of the magnetic field H and the distance between electrodes L are 
constants, the speed of the fluid is therefore proportional to the measured difference in 
potential, and for a known pipe section, this gives the measurement of the discharge. 
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In practice, the coils which produce the magnetic field in the flowmeter are directly 
connected to the mains supply, so the magnetic field is affected by the mains voltage. 

An electronic converter is provided to increase the current received by the electrodes, to 
compensate the effects of voltage and frequency variations and to eliminate interference 
signals. The main part of this unit is an a.c. potentiometer in which the servomotor and 
the slidewire are replaced by a Hall multiplier. 

*• 

This converter is connected to the measuring electrodes and to the terminals of a 
transformer, whose primary winding is part of the supply circuit for the coils producing 
the magnetic field of the flowmeter. 

The Hall multiplier is inserted in a loop consisting of an a.c. amplifier and a demodulator. 
The magnetic field coil of the multiplier is fed by the reference alternating current I 0 . This 
current cancels the imput signal E when I is proportional to E/Iq. 

The magnetic field H is proportional to I 0 , the fluid velocity C is proportional to the 
electromotive force E and to the magnetic field H. The value of the output current I is 
therefore definitely proportional to the fluid velocity C. 

The maximum value of the output current I is 10 mA. 

The converter has 2 measuring scales, so that a current of I =10 mA can be obtained for 
flows of 1.6 and 0.2 m 3 /s. 

A converter then transforms the output current into impulses, which are transmitted to the 
data acquisition system. 

A frequency of 1000 Hz corresponds to the current of 10 mA. 

The discharge V (m 3 /s) is given by the following relation: 



where 

Ky : slope of the calibrated straight line 

n v : number of impulses supplied during the measuring time 
t : measuring time 

F ov : ordinate at the origin of the calibrated straight line 

The coefficients Ky and F 0 y have a different value for each of the two measurement 
scales. 

In order to have a better control on the flow measurement the test bed is equipped with a 
second flow-meter which is mounted in series with the first one. The second one is an 
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ultrasonic flow-meter (Nussonic one path) which is calibrated along with the 
electromagnetic flow-meter. The advantage of having the second flow-meter of a different 
type is to be able to compare the flow measurement results any time. 

A third possibility to measure the flow is to use the Venturi nozzle installed just before the 
electromagnetic flow-meter. 


4.2. Pressure Energy Measurement 

The hydraulic energy gH available to the turbine, or produced by a pump, is given by 
subtracting the energies beteween the upstream and downstream sections of the machine: 


gH = gHj- gH| 


where 

gHj : the upstream hydraulic energy (turbine inlet or pump outlet) 

gH] ; the downstream hydraulic energy (turbine draft tube outlet 

or pump suction pipe inlet). 


The hydraulic energy is the sum of the potential energy, the pressure energy and the 
kinetic energy, i.e. 


where 


gH = 





Zj : level of the centre of the upstream section 

Z] : level of the centre of the downstream section 

Pj : average pressure in the upstream section 

P] : average pressure in the downstream section 
Cj : average velocity in the upstream section 


cj : average velocity in the downstream section 

If the equation terms for potential energies are separated from those of the kinetic 
energies, we have 


gH = 
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By substituting the following values 


g Hp=g(z I -Zf)+^ Pi 

and 

gHc= (ci-cfb 

the equation can be rewritten as 

gH = gHp + gHc 
or 

H = Hp + He 


The potential energy gHp can be calculated by multiplying by g the pressure obtained by 
direct measurement, using a differential pressure gauge: the kinetic energy is obtained 

from the discharge measurement and the areas of the sections Si and S j 


There are two differents systems to measure Hp 

a) A differential pressure gauge with rotating pistons (Figure 15): this type of instrument 
is the most accurate for the required pressure range, i.e. a water column of between 10 
and 100 m. 

The pressure is transmitted from the machine beeing tested pressure tappings to the 
measuring instrument through transparent tubes; in this way checks can be made at any 
time for air bubbles which could corrupt the measurements. The water pressure is 
converted into an oil pressure inside two transparent cylinders where the water and oil are 
put in direct contact The two surfaces of separation between the water and the oil can be 
adjusted and reduced to the same level using a special device. 

The pressurized oil finally enters two independent co-axial cylinders and acts on two 
mechanically-linked pistons. These are rotated by an electric motor so the axial friction is 
reduced to a minimum. In this way, the pressure differences are converted into forces, 
which are transmitted to a precision scale. A strain gauge load cell is inserted between the 
rotating pistons and the scale to obtain an electrical measurement of the force. 

The calibration is done using a dead weight manometer 

b) A pressure transducer HBM type PD1 used for low pressure, 0 to 10 m. of water 
column. 

The calibration of this instrument is done using a mercury manometer. 
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The equation for the measured energy potential Hp (m head of water) is written: 

Hp = ^.K H ^-F 0 „j 

where 

ji n : volumetric mass of the water at 4°c 

jj. : volumetric mass of the water at the test temperature 

Kh : slope of the calibration straight line 

n H : number of impulses transmitted during the measuring period 

t : duration of the measuring period 

F oH : zero point ordinate of the calibration straight line 



Figure 15. Differential pressure rotary piston manometer. 
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The kinetic energy H c is calculated from the aereas of the upstream and downstream 
sections of the machine being tested, and from the measured discharge. Therefore 


2 


l 1 V 



where 

Si : area of the upstream cross-section 
S j : area of the downstream cross section 


4.3. Torque measurement in vertical axis 

It is difficult to measure the internal mechanical power Ej directly. The only method 

which garantees the required accuracy involves calculating the power on the basis of 
torque and speed of rotation measurements. 

The stators of the electric machines are supported by two oil lubricated hydrostatic thrust- 
blocks (for pfi CHARMILLES and for PF2 vevey). The torque Ti m is therefore obtained by 
measuring the force and multiplying by the length of the corresponding lever arm. The 
force, which is the stator reaction of the electric machine, is measured by two strain 
gauge load cells located on the same diameter on each side of the electrical machine. 

The friction torque Tif rott of the bearings, the thrust-block and the seals of the test 

machine is measured separately using a load cell acting on the oscillating sleeve of the 
central body, see Figure 16. 

The main torque or friction torque is given by 


where 



g : acceleration due to gravity 
K t : slope of the calibration straight line 

n T : number of impulses transmitted during the measuring period t 
F ot : zero point ordinate of the calibration straight line 
L : length of the lever. 
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The internal torque of the machine is therefore the sum of Tj m + Tjfj-ott ^ ess the 
mechanical bias on the generator stator which, if necessary, is indcated by Tj a( j(j. 

Therefore 



Figure 16. Hydraulic model machine. 

1.Double universal joint, 2.Speed of rotation magnetic pick-up, 3.Load cell for measuring friction torque, 
4,Oil exhaust, 5.Oil supply, 6.Runner level adjustment, 7.Blocking device, 8.Oscillating sleeve, 
9.Runner, lO.Model turbine bearings, 11 .Model turbine thrust-block, 12.Flexible membrane, 

13.Hydro static bearing, 14.Hydro static thrust-block. 
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4 . 4 . Torque measurement in horizontal axis 

In case of horizontal axis machines (bulb turbines) the IMHEF test stand has two torque 
measurement techniques: 

- using a generator cradle-mounted inside the bulb (NE YRTEC system); 

- using a right-angle gearbox cradle-mounted (ASTRO system). 

The two systems have their advantages and disadvantages. 

The maximum power of the NEYRTEC system is about 30 kW while that of the ASTRO 
system is 150 kW. 

With the NEYRTEC system strict geometric similitude can be obtained, while the 
ASTRO system has a bearing under the bulb. Figures 17 to 20 show the two systems. 



Figure 17. Bulb turbine equiped with the NEYRTEC system, 
diam. of the runner 0.5 m. 
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Figure 18. NEYRTEC Bulb turbine torque measuring system with 
a generator inside the bulb. 
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Figure 19. ASTRO Bulb turbine torque measuring system using a gear box 
and an external generator. 
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Figure 20. Bulb turbine with ASTRO system . 
diam. of the runner 0.34 m. 
model of FELSENAU (1 x 12 MW) 
manufacturer ,SULZER-ESCI1ER-WYSS 
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4.5. Speed of Rotation Measurement 


The angular speed of rotation N must be measured to calculate the internal power Ej of 
the machine. 


E-T^N 

The measuring system consists of a magnetic pick-up facing a cog-wheel 

(60 cogs). Electrical impulses are thus obtained and introduced directly into the data 

acquisition and handling system. 


4.6. Temperature Measurement 

The temperature of the water in the circuit affects the calculation of its volumetric mass 
and its kinematic viscosity. 

The temperature of the water is recorded for each measurement point. The transducer is a 
thermistor installed in a wall of the duct: it has an amplifier and a separate counter, as 
have all the other parameters being measured. 


4.7. Cavitation Number Measurement 

For a turbine, the Thoma cavitation number is given by: 

(Pa-Pv-APa)^ gH = 0 


where 

P a : atmospheric pressure 
P v : water vapour pressure 

APtf : difference between a reference free level at atmospheric pressure and 
the pressure level of section 

|igH : pressure energy supplied to the machine 


When a T| - a curve is calculated only APg changes, i.e. the pressure at section Sj . 
This is measured by a HBM type PD1 differential pressure transducer, whose scale 
ranges from 0-12 m head. It is connected to an HBM amplifier, which supplies a 
maximum of 10 kHz, and to an impulse counter. 

The pressure transducer is calibrated by a differential mercury manometer. 
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The relation giving the value of APa is written 

APo = (P-Hg - M • § • K a ( n °4 - F 0o) 

where „ 

PHg : volumetric mass of the Hg at the calibration temperature 

(! e ; volumetric mass of the H 2 O at the calibration temperature 

g : acceleration due to gravity 

K G : slope of the calibration straight line 

n G : number of impulses 

t : measuring time 

Fqq : calibration straight line ordinate 



Figure 21. A view of the control room. 
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Data acquisition diagram 
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Figure 22. 
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5. Model tests 

At present the model tests most often required are: *■ 

- measurement of all the characteristics of the machine (head, flow, output, efficiency) in 
the form of an efficiency hillchart; 

- measurement of efficiency and power for the points to be guaranteed; 

- measurement of the maximum runaway speed with and without cavitation effect. 

For Kaplan and bulb machines the runaway speed is measured with both synchronized 
and desynchronized blades. The discharge at runaway speed is also an important value 
wich allows the maximum discharge of the machine when used as a spate evacuator to be 
determined; 

- measurement of efficiency variation due to cavitation (t] — a curves) in order to 
determine sigma standard; 

- location of the zones where extrados and intrados cavitation, whirl and low load 
vortices appear (Figures 23); 

- measurement of the pressure and torque fluctuation in order to determine their 
frequencies and amplitudes. These measurements are taken so that resonance phenomena 
between the machine and the penstock can be avoided and to prevent vibrations and 
exessive noise in the prototype. The effect of air injection on the pressure and torque 
fluctuation is also very often measured. This also means that the injected air flow and the 
pressure must be measured to calculate the prototype values; 

Figure 24. shows typical results of pressure fluctuations measured at the wall of draft- 
tube cone. Pressure is measured at different flows at constant head and results are given 
in the form of a FOURIER analysis. 


- measurement of the mechanical values such as axial thrust and guide-vane torque. It is 
very important to know the axial thrust, both static and fluctuating, in order to check the 
dimensioning of the axial thrust bearing and the bearings of the machine. 

If the guide-vane torque in both the synchronized and desynchronized configuration is 
known, the actuating device can be checked with the distributor in any position and 
strains on the adjacent blades can be predicted in case of rupture of the safety device of 
one of the guide-vanes. 
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Figure 23.Francis turbine hiUchart with inlet cavitation limits, whirl appearance 
limits and low load vorticies zone 
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Figure 24.Pressure fluctuations results for different flows, at constant head, Fn 
is the frequency corresponding to the rotational speed of the runner. 
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Accuracy is on of the main characteristics essential for a model test installation, IMHEF 
constantly renews its measuring instruments and techniques to obtain increased accuracy. 

The accuracies obtained (systematic errors) are as follows: 

- head : measurement by strain gauges and pressure transducers, calibrated by pressure- 
gauge (dead weight, mercury or water). 

Accuracy: 

AH/H < ± 0,07% for high heads 10 to 100 m (33 to 330 ft) 

AH/H < ± 0,15% for heads between 0 to 10 m (0 to 33 ft) 

- flow : measurement by electromagnetic flowmeter, calibration by volumetric tank. 
Accuracy: 

AV/V = ± 0.14 % (V = 0.05 to 0.2 m 3 /s) 

AV/V = ± 0.12 % (V = 0.2 to 1.4 m 3 /s ) 


- torque : measurement by strain gauge transducer calibrated by weights. 
Accuracy: 

AT/T < ± 0,08% for vertical axis machines 
AT/T < ± 0,15% for horizontal axis machines 

- speed of rotation : digital measurement. 

Accuracy: 

AN/N < ± 0,01%. 

The systematic error for efficiency can be written: 


/2 2 2 2 
e r{s = ±y (AV/V) + (AH/H) + (AT/T) + (AN/N) 


we thus obtain 


e^lO. 16 % 

and 


e^,. = ± 0,25% for machines with very low heads. 


Random errors must be limited (according to IEC code) so that the efficiency error does 
not exceed e nr = 0,1%. 

We reach this result by integrating all the values measured during a period of between 20 
and 40 s depending on the stability of the point measured. 
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The total error for efficiency is therefore 




2 2 
e iis + e rir 


With the preceding values we obtain: 

e r] =± 0,19% er, = ± 0,27% 

These results compare well with those from many other laboratories. IMHEF has been 
able to compare these results with those of 7 other laboratories and agreement has always 

been found to be excellent. However, sometimes slight differences are noted in the rj = 

f(V) curves. This is attributed to the inlet and outlet configuration of the model which 
differs from one laboratory to the other. 

Figure 25 shows a comparison between efficiency measured at IMHEF and in a 
manufacturer's laboratory. A slight difference in the T) = f(V) curves can be noted. 


7. Similitude problems 
7.1. Efficiency 

Calculation of prototype efficiency based on model efficiency is at present relatively 
accurate in the case of a model and a prototype which are hydraulically smooth. 

Working Group 5 of the IAHR (International Association for Hydraulic Research) has 
established a general formula: 


At) 


Tim 

Re m , Re p 
V 


AT^VCl-TlJ 



0.16 


: prototype/model efficiency difference 
: model efficiency 

: model and prototype Reynolds number 
: ratio between friction loss and singular losses. 


IAHR Group 5 has shown that for Francis turbines V is about 0,7 (range between 0,5 
and 0,8) and for Kaplan turbines V is about 0,8. The value of V is the main uncertainty. 
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However, taking as an example 

- model D m = 0,400 m 

Hn, = 15 m 

rim = 93 % 

- prototype D p = 5,0 m 

Hp =100 m 

we find the extreme values of Atj: 

Ari = 1,5% for Y = 0,5 
At| = 2,4% for V = 0,8 


This uncertainty does not therefore involve a very large step-up difference. 

Taking into account the accuracy of model efficiency measurement and the uncertainty 
about step-up formulas, it can be seen that the overall accuracy of prototype efficiency 
prediction from model tests is often greater than direct field measurement, mainly for low 
head installations. 

In this case the flow is more often measured by propellers and the accuracy does not 

generally exceed AV/V = ± 1,3%, which usually leads to accuracy for T| of about 
± 1,5%. 

A good comparison of model and prototype efficiency was made for LA GRANDE 4 
power plant in Canada. Fig. 26 shows the results. 

see: 

Henry P. Performances of the LG-4 turbines, Trondheim, Proceedings of 

Leroux A. LA HR 

Levesque J.M. Symposium, 1988. 

Miron J.G. 
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Figure 25. Typical efficiency measurement comparison between a manufacturer 
laboratory and EMHEF laboratory 
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Figure 26. LA GRANDE 4. Prototype and model efficiencies measurements 
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Figure 27. Influence of nuclei content on cavitation extend at the outlet of a 
Francis turbine 
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7.2. Similitude in Cavitation 

Cavitation tests on a model are very important. They are the only way of ensuring the 
smooth running of the prototype as far as the risk of erosion and of pressure and power 
fluctuations are concerned. 

The problem of transposing the results of the model tests to the prototype is worthy of 
particular attention. 

In fact, the similitude criterion universally used in cavitation is Thoma’s G 


g = (H a -H v -H s )/H 

H a : representative level of the atmospheric pressure 

Hy : representative level of the vapour pressure 

H s : suction head of the machine 

H : net head. 


This criterion is valid only for incipient cavitation. It is theoretically not valid any more 
when cavitation is developed. The quality of the water is also very important for 
cavitation tests. Travelling cavitation is gready influenced by the presence of nuclei in the 
water used for the test. The nuclei are very small diameter microbubbles (0 - 50 |lm). 

Since cavitation is caused by a sudden increase in the diameter of these nuclei, the extent 
of the cavitation is considerably affected by the nuclei density in the water used for the 
test. Thus, degassed water, with few nuclei, tends to slow down the development of 

cavitation. The protographs in Fig. 27 taken at G constant, show two aspects of cavitation 
at the outlet of a Francis turbine: first with low nuclei content water and second with 

water injected artificially with nuclei. The T| - G curves are also strongly influenced. Fig. 
29 shows two r| - G curves measured with and without nuclei injection. The standard G 
value, Gg, is far larger with high nuclei content. 

The test head has also an important influence on cavitation test results. With a high head, 
smaller nuclei have an explosive growth and as the amount of small nuclei is numerous 
(much more) in normal test water, the cavitation will be more developped. Figure 30 

shows typical head influence on T| - G curves for a medium specific speed Francis 
runner. 

Prediction of cavitation in the prototype, using the results of the model tests, should 
therefore be based mainly on the incipience of cavitation and not on the value of G§. 
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Figure 28. Model of 1TAIPU (Brazil) 

Francis turbine (outlet diameter 400 mm) during acceptance tests at 
1MHEF 

manufacturer, CIEM-NEYRPIC 
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Figure 29. Influence of nuclei content on cavitation tj - c curve 


38 

































EPFL ~ IMEDEF 


7.3. Similitude in pressure and torque oscillations 

Low frequency hydraulic oscillations in the plant and resulting power swings can be an 
important nuisance, and attention must be given to this problem in model tests. Similitude 
laws are not yet fully mastered in dealing with the dynamic behaviour of hydraulic 
turbines, but the measurement of pressure and torque fluctuations with the associated 
frequencies is widely spread. 

Provided that operating conditions - flow, head, rotation speed and cavitation - are in 
similitude, the relative frequencies F/Fn of model test oscillations seem to be 

transposable to the prototype. 

Fourier analysis of the measured signals gives a fairly good idea of the prototype 
hydraulic system's excitation sources. 

Dynamic parameters of the model - inertance, resistance, cavitation compliance - may be 
identified using an adequate test procedure. In the close future, acceptable mathematical 
models for the oscillatory behaviour of the prototype turbine should thus be produced 
from model tests to obtain a prediction of hydraulic fluctuations and power swings. 

8. Conclusion 

The installations for model testing now make it possible to achieve a high degree of 
accuracy in predicting the prototype performance (efficiency, power). Considerable 
progress has also been made in the transposition to the prototype of results obtained with 
the model. Under these conditions, the results of a model test transposed to the prototype 
will very often be considerably more accurate than a field test on a prototype. 

Other tests such as those for cavitation, runaway, mechanical stresses are also very 
accurate and, in spite of the transposition difficulties, the results of these tests are also 
very reliable. 

It is clear that all these tests require a rigorous geometric similitude. Special attention must 
therefore be paid to checking the dimensions of the model and the prototype to ensure 
homology. 


Lausanne, 10th January 1990 
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Control of runner vanes 

geometry 

* 

This MORA 3D type 
measuring machine is 
connected to a computer 
running an IMHEF-developed 
software, allowing straight or 
cylindrical sections of the 
blades to be plotted on the 
screen and on paper. The 
runner attachment is fitted 
with an angle encoder for the 
calculation of cylindrical 
sections. 



Measurment of the geometry at the workshop of the laboratory. 
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